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‘ ’ TESTS OF THE INTENSRE NEUTROM SOURCE (INS) PROTOTYPE*

D. D. Amstroag, C. R. Emigh, J. C. Hyde, E. A. Meyer, J. D, Schneider
Los Alamos Scientific Laboratory, Los Alamos, WM 87543

Abstract

A prototype of the INS sccelerstor system was con-
structed to produce sn intense dc bLesm of protous at
energies up to 200 keV. Usiag a Pierce geometry
accelarating system, a 250-mA dc bemm of hydrogen ions
wvas extracted at an energy of 125 keV from an smnular
duoplasmatron. Of this bemm, 100 sA of H* {ons were
transported ioto a l=cm=diam supersonic jet target,
vith backstressing gas minimized by differential
pumping. Bc*h the jet target snd the differential
pusping system functioned satisfactorily. No substan-
tial increase in backetresming of the nitrogen jet gae
occurred for s beam power equivalent to 150 kW of
tritons onto deuterium.

Introduction

The INS prototype was a full scele mocdel of most

of the major subsystems of the INS accelerator and

“ target system: l.l1-A ion source, accelerating columm,
differential pumping system, and supersonic jet
tavget. The prototype vas designad to ultimately
produce and transport s l-A de beam of 200~keV protons
into a jet target of l-cm dismeter. After the first
year of development a 100-mA dc besm of 123~-keV
protons was transported through the target aperture.

. The prorolype was tested using a nitrogen gas
tarvget because only 7 W of besm power into the aitro-
gon jet would yield nearly ideatical hydrodynsmic con-
dicions as would have resulted from the deposition of
300 k¥ into a deuterivz jet using a 1-A, 300-keV
triton bemm. Tha perrormance of tha jet target with
3.5 kW of besm power deposited, as well as the per~
formance of the other subsystems, is summarized below.

Prototypa Configuration

The high voltage to the test stand was provided by
& 200 kV, 2 A powar supply, with & 2-uf (40-kJ) output
filcer capacitor. Sparkdown protection was provided
by a 1-k{l series resistor and a triggered spark-gap
crowbar with an 8~us discherge time.

The duoplasmatron ion source sad u six-electrode
accelerating coiumn vere mounted inside a 2-w=long by
2-u~diam vacuum tank, es shown in Pig. 1. Power for
the ion source came tirough the high veltage feedthru
from sn isolated-equipment-dome/isolation transformer
combination. This 200-kV feedthru wav. graded by the
adjacent corons tube.

The beam traneport system consisted of en electron
trap and three focus solenoids with electrical centers
located 10, 48, 238, and 368 cm from tha ground elec-
trode of the accelerating column. The elactron trap
is depicted in Fig. 2. The solenoide ware 36.8-cm
long with & 12.7-cm~dism aperture with fields ranging
from 3-6 kG.

The supersonic jet was designed to produce a
niteogen gas iarget 1 cm in dismeter with a density
sufficient to stop the beam in 1 cm. The large amount
of heat deposited in the jet by the beam would then %«
carried away by the supersonic gas flow in thc jat.
The beam and the jet ges flow were coaxial and co-
directional. During the tests the plenum pressure for

*Work parformed under the auspices of U. S, DOR.

Fig. 1. Procotype 200~kV accelerator showing
sccelerating column, ion source, and high-voltage
feedthrus in v=juum tenk.

the jet target vas varied betwedn 400 to 600 psi. The
heated nitrogen gas was exhausted to the atmosphere.

Ion Source

The annular-ion~source design was based om a con=
capt described by Becherer et al.l An operating~
lifetine requirement of ~2000 hours {ndicated the need
for a large-area well~cooled ion source. Early bench
tests on this source showed that lifetimes grester
than 700 hours could be schieved with ‘a oxide=coated
nickel~gauze filament. A d¢ besm of mc.e than 2.5 A
of positive~ion current was produced with a hydrogen
gas flow of 0.65 torr 1/a. Lengmuir-probe data showed
an spparent electron temparature of about & eV.

The rather unique structure of the annular duo-
plasmatron led to serious fabrication probleme. To
simplify assemlled parts, mac’.ined parts of steel and
copper were elactron-besm welded together. The pres-
ence of voids in the coppar eventuslly caused an
internittent water leak into the arc chamber. This
leak was the limiting factor in pravanting the con-
tinued upward scaling of total extracted ion currents.

Ion~species-ratio measurements indicated that the
H* ion current normally accounted for 70-85% of the
total beam current. Transport of a high percentage of
ion current intu the jet target was limited by an
apparent high emicttauce. The source of this high
emictance wss never identified, buc it is suspected
chat the radial~arc geometry of the ion source wae
largely responsible, contributing as much as 20 eV of
transversa energy to the ion motion,

Accelerating Column

The accelerating colusn (Fig. 2) consisted of six
titanium accelerating electrodas held by & voltage-
grzded support box that also provided cantilever
support for the J40-kgm ion source. At 200-kV operat-
ing voltage, a 10-wA voltage divider provided voltages
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Pig. 2.

of %0, 100, and 150 kV cto tlm titanium eluctrodes
through the center of thrae of ths box support posts.
The extractor electrods obtsined a nominal 175-k¥V
potential through the fourth post from a negactive 0 to
30-kV power supply in the 200~kV equipment dome.

The electrodas ware Pierce design with besn dies
eter determined by a 6.35-cm~ID extractiom iris at the
ion source and a water-cooled 8-ca~1D annular ring
attached to the exit electrods. The electrom trap was
biased it =2.3 kV to reduce elactron hackitresming.

Accelerator Vacuum System

The accelerator vacuux system utilized a 4l-cm
10 000~1/s oil diffusion pump using polyphenyl ether
fluid. A 4l-cm refrigerated valve/trap vas mounted
directly over the pusp. Diffusion pump backing and
tank rough down were handled by a blower wud mechan-
ical pump. There were no high=voltage braakdown
problems caused by backetreaming diffusion pum
fluid. Furthermore, no polymerization of the fluid
vas observed from pumping the atomic~hydrogen-species
a8 is usually observed from atowic bems source
disaociators,

Differential Putping System

The differential \wmping system, shown in Fig. 3,
vas usec fov efficient pumping of the gas that flowed
back from the as "argec into the evacuated bemm
line. To minimise bnam scettering, the pressure aust
ta kept as low as possible right up to the gas tar-
get. This was accomplished bv use of 1800-1/s Roots
blowers on Stages 1| and 2, a 9000~1/s turbomolecular
pump on Stage 3, and a 18 000-1/e oil diffusion pump
on Stuge 4. PFurth.r enhancement was obtainad hy the
sspirating action of the coaxial jet and by use of a
skimmer in Stage 1.

The aperture siges and their locations are shown
in Pig. 3. Table I lists the boam-line pressure at
sach stage and the corresponding backflow rate of
nitrogen from the jet *arget with the beam both on and
off.

Accelerating column and ion eource.

Bams Transport

Empirically & besm of hydrogen ions of optimum
quality was produced vien 250 wA of 125~keV ions were
extracted from the ion source plassa cup vhile using a
6.35=ca~dimm extraction iris. PFor these conditions
the column was operating at 60X of the Pierce-design
current. "¢ beshavior of the column was later cor=
roborated Uy using tha computer program sm.z vhich
was used to model and study the extraction dynamice.

The hasm profile in the critical vagion of the
differeantial pumping system and jet target is shown in
Fig. 3. Por this pumping-esystem geometry and with no
ges flow in the jet, 100 rd of 125-keV protons were
transported into the jez, which corresponded to 95% of
the proton hYesm measured in Cup 1.

Comparisons of besm profiles, measured and calcu~
lated, indicaced a nesrly complete space-charge
neutralization except for the «lectron-trap region
wvhere it averaged 80%.

Little power (~3.5 kW) was delivered into the
flowing nitrogen gas jet because nearly 702 of the
proton beam was converted to neutrals in the last
solenoid, Using hydrongen rather than nitrogen gas
would reduce cne charge-exchange cross section by a
factor of ten.

The beam ionized the residual gas 1n the transport
system forming a mini-plasma. This conducting plasms
renderead electrical mesisurements of beam losses
meaningless; calorimetric measurements were required.

det Targec

The jet tasts were designed to study the beawm-
keating effect of the jet gas flow on the gas hack-
vtreaming from the jet into the besm transport
system. Theoretical considerations indicate the:
breakdown of the jet flow occurs for sn £ factor
approaching unity. (The £ factor ie dafined to be the
vatio of the heat deposited in the jet to the kinetic



. TABLE I

BEAM LIME PRESSURES WITE NITROGEN .JXT WITH BEAM OX AND OFF
BEAM POVER = 3.5 kW

Jet Backflow Pressure in Stago
Plenum through e
— - Dgam—- - Fressure Jet 1 2 3 4
(psi) (torr 1/s) (ecory) (tore) . (tore) (torz) - . e
off 600 172 0.36 0.03 4.2 x 1073 7.8 x 10~5
On 600 202 0.45 0.04 4.1 x 10”3 7.5 x 1075
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Fig. ). Differential pumping system on the besm line.

energy of the jet flow.) Figure & shows the leak
rates massured st besm—power levels of 0, 1.2, 1.6, )
and 3.5 W. A measurable but unimportant increase in o 60Q psia /
the backflow leak rate was detected with incressing t 20 - a 550 psia
during these tests. Because of the stomic neutralizs~ o SO0 psia Expected /
tion of the besm discussed abowa, it tras not possible % 430 psia Teend \V,
to delivar enough power to the jet to observe whers ¥ 400 psia

the jet breakdown occurs. At breakdown the leak rate

may increass catastrophically as showm by the dashed

line. Beam heating had a surprisingly small effect on s /
the leak rate. This suggests that the jet can operste .0 |—

at a considerably bigher f factor than the 0.37 Data

obtained in these Cestc without much effect.
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The supersonic jet target was demonsirated
to operace satisfactorily during tests simulating one- o ] ] ! ' | L
lf of the design beam pover. The beam formation and 0 0.l 0.2 0.3 0.4 (oK.} o X
ransport systems can be {myrcved by incorporating t
recent advances in these fielde: the sccelerating
iolumn should ba changed to & mod{ fied Pierce design, Fig. 4. Experimental backflow lesk vates.
‘he require-:ant for a structurally simple iom saurce
:hat produces a uniform plasma with low emittance References
ould probably be satisfied by using a version of the
usp=field ion wource, and the abarrations of the beam 1. R. Becherer, A, Bariaud, and F. Prevot, “"Source
:an be raduced by using quadrupoles instead of D'Ions Annulaire Du Type Duoplasmatron,” Nucl.
olenoids, Inst. & Meth. 15, 229-234 (1965).

2. J. Boers, Sandla-Albuquerque, private
communication (1978),




